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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] This invention relates to the tactile sensor arranged at the portion in contact with the 
object of the manipulator aiming at acquiring tactile information etc. in low invasion operations, such as a closed sir jelly in a medical 
field, the cell operation in a biotechnology field, etc. 

[ 0002 ] 

[Description of the Prior Art] In recent years, an endoscope, a microscope, etc. attach greater importance than to the function as an 
instrument for observing to the function to operate the candidate for observation, increasingly, observing. As the expression, a rigid 
mirror is used for a cholecystectomy operation recently, or operation of the sample by the micro manipulation under a microscope is 
performed, and tactile information is simultaneously [ with visual-sense information ] needed. Moreover, the need for the pressure- 
distribution observation in medicine and a human engineering field increases, and the highly efficient tactile-sense pressure- 
distribution sensor is expected. 

[0003] The conventional tactile sensor is represented by the tactile sensor which used conductive rubber. Since the conductive rubber 
of the portion will deform and the resistance of rubber will change if voltage is applied to the ends of the conductive rubber arranged 
in the shape of a matrix and external force is added, this tactile sensor is detecting the change as current change, and has detected the 
lengthwise elastic modulus of a tactile sense. Moreover, as the measuring method and equipment of a hardness property of the matter, 
the method of asking for the hardness of an object and softness is indicated by JP, 3-8 1641, A. This method is the electrode 101 as 
shown in drawing 12, and 102. Thin film vibrator 103 of 3 terminal electrode structure which it has Metal plate 104 Piezoelectric 
transducer 105 which it comes to attach As shown in drawing 13 It is the method of including in the self-excitation circuit which 
consists of the measurement sections which consist of an amplifying circuit, a frequency measuring equipment, and an amplitude- 
measurement machine, asking by the element for oscillating detection which attached the resonant frequency at the time of contact 
existence with an object in the piezoelectric transducer, and detecting the hardness of an object from both difference. Moreover, as a 
semiconductor sensor using IC-ized technology of silicon, the diaphragm of thin meat is created on a semiconductor substrate, and 
there is a method of detecting change of a pressure as capacity change of a diaphragm. 

[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional tactile sensor is a sensor which detects only the object front 
face which are some elements which constitute a tactile sense, and vertical (lengthwise) elasticity, and the consideration from a 
viewpoint which performs pressure detection of those other than a perpendicular direction was not made. Moreover, in the contact 
section with an object, the sensor for vibration pickups was attached, and since it did not miniaturize, consideration was not made 
about the viewpoint of the application to a compound sensor which receives information, such as densification, and temperature, 
humidity, simultaneously, either. 

[0005] this invention was made in order to solve the above-mentioned trouble in the conventional tactile sensor, and it aims at 
detection of the pressure variation from 3 shaft orientations being possible, and it being suitable for composite, small, and integration, 
and offering the highly efficient tactile sensor which has a signal-processing function. 

[0006] 



[Means for Solving the Problem] In order to solve the above-mentioned trouble, invention according to claim 1 The pressure detecting 
element which detects the vertical pressure which consists of multilayer structure of the conductor film prepared in the upper part of 
the insulator layer formed on the semiconductor substrate, a piezo-electric-crystal film, and a conductor film, It has the pressure 
detecting clement which detects the horizontal pressure which consists of the conductor film and piezo-electric-crystal film which 
were prepared in the upper part of the insulator layer formed on the aforementioned semiconductor substrate, and a conductor film 
prepared in two or more crevices formed in this piezo-electric-crystal film. And signal amplifier and a signal computing element are 
prepared on the aforementioned semiconductor substrate, and a tactile sensor is constituted. Thus, by constituting, detection of the 
pressure of a perpendicular direction (Z direction) and a horizontal direction (X, the direction of Y) can be performed, and a small 
tactile sensor with a signal-processing function can be realized. 

[0007] Invention according to claim 2 constitutes discontinuously the piezo-electric-crystal film which constitutes the pressure 
detecting element which detects the pressure of the aforementioned perpendicular direction, and the piezo-electric-crystal film which 
constitutes the pressure detecting element which detects a horizontal pressure in a tactile sensor according to claim 1. The pressure 
detecting element which detects a vertical pressure, and the pressure detecting element which detects a horizontal pressure are 
constituted independently by this, and a tactile sensor without the mutual interference of each detecting element can be realized. 

[0008] Invention according to claim 3 constitutes the piezo-electric-crystal film which constitutes the pressure detecting element 
which detects the pressure of the aforementioned perpendicular direction, and the piezo-electric-crystal film which constitutes the 
pressure detecting element which detects a horizontal pressure from the discontinuously different quality of the material in a tactile 
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sensor according to claim 1 . TV tactile sensor whid, a | f f 

which constitutes each detectmg element further while the tactile sens i q PP an/thT horizontal pressure detecting element 

in by “ is 

[OC^'lnyention a <^sordm^to^clami ^a r^ gesthe pres^edetectm^l^enl wtoch^^MK_the^essure deUcttng^elementa^^ ^ 
horizontal pressure which detect the pressure ot me aroremeni o y v information is acquired from two or more 

pressure detecting elements, detection of tactile information, such 

^ 0 P 10 ] S rna SleTenLSven in any 1 term trfcUums ^ndiclYa?dhettion 

upper part of the pressure detectmg element, signal amplifier, 3 8 ” . P , . su bstrate and thin-film-izes a semiconductor 

and the horizontal pressure which were formed on die a f™® ± piezo-electric-cry stal’ film which constitutes a tactile sensor 

substrate. Since the pressure detectmg element which contams by P ^ it t0 a curve d surface etc. is attained. 

obl^f.S !T“aSgS ,o judgewhether i, is Co. «o - objec w«h Ihe lemperature change «r 

the sensor and contacting, the temperature change from an object ««***“ c jms { 6 ft ^ the aforement ioned piezo- 

[0012] Invention according to claim 7 is set to a tactile sensor g ^ , 0 2-1 0 It is what has the titanic-acid lead 

electric-crystal film Pb(TiX Zrl-X) 03 (X in a invention according to claim 

zirconate composition specified by the chemical exposition W is PbY Sr l-YO(TiX Zrl- 

8 Setting to a tactile sensor given in any 1 term of claims 1 ’ 6 ^ e y ex p4 s a comp0 sition ratio and are 0.85-1 .0. It 

Emica, composition of die range. The tactile sensor e, nipped with the 

pressure detecting element of a good property by this can be ° ' .. h the a f ore mentioned temperature detection sensor is 
[0013] Invention according to claim 9 consists f , expresses a composition ratio, the range of 0.2- 

specified h, die chemical compos, t,on sensor according to claim 6 . He tactile sensor 

[Embodiments of the Invention] Next the gestalt ^drawing showing the basic circuit 

easy, the pressure detector which used the piezo-electric cerami p . ceramic | 0> ^ capacitor CO, and field-effect 

of pressure detection, and is the pressure detec mg e e piezo-electric ceramic P0. When the load F of 

transistor FET. It is constituted. Field-effect tnmsrs or ;FET hrtg ' b y ptaoelectricity effect. A charge Q0 (coulomb) 

is givei/by the fo„ow,g fomtul, CD usiug a 

piezoelectric constant d33 (C/N). 

QO =9.8 d33F (1) . , ted Canacitor CO Piezo-electric ceramic P0 It compares, and 

and it is a capacitor CO. I, is possibie to adjust a generating cha*e to a 

suitable value, preventing leak of a charge by addition. i jon it is a charge Q0. Resistance RS It leads and 

em RS 11 15 vs atau ' “ 8 “ era,e 

Charge Q1 which discharged when carried out It is given by the following formula (2). 

n- ' fo,towing fomula <3) from ,he M0 

above-mentioned formulas. 

amplifier S?2 of draw to g 14 C^aeilo, C. Resislanee R, and R 2 horn - becoming htlegreling eireui, 

;; 3 ,‘Me f- ofope^P" 1 st - ^ ^ 

semiconductor substrate 1 top -- SiG2 from --the la^eSmThe multilayer structure of the bottom 

detects the vertical pressure which becomes the upp P film 5 js f orm ed Here, pressure detecting-element 1 A is 

conductor film 3, the piezo-electric-ciystal film , P , uctor fi)m 5 since the piezo-electric-crystal film 4 has a 

Charge QV, if the vertical pressure F (Kgf) is applied to t P =9 s’ d33F a vertical pressure is convertible for a charge. 

piezoelectric consbm. d33 (C/N). film Tteop condneror films 6 and 7 are 

[0017] Moreover, two crevices are fomed m the atorementm . P horizontal pressure is formed. Since, as for pressure 

arranged to the crevice, and pressure detectmg-e eme D i e zoelectric constant dll (C/N) here, Charge Qh corresponding to [ if the 

detecting-element IB, the piezo-electric-crystal fi P arise between the conductor film 6 and the conductor 

horizontal pressure F (Kgf) is applied to the inductor fi, horizontal pressure is convertible for a charge. In 

film 7, and ] this distortion By being generated by *e reto , of Qh « dl (he co „ duclor film 7 b tfe same 

— 'S'lTmSK produced between hod, conductors films and pressure detection becomes 
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impossible. Therefore, the conductor film 7 is embedded ^ ^UteSgPstalten of this operation, for 

And the layer insulation film k is formed in die front face except dt. continetor 

[OOUf] In atkittion, the above-mentioned spiwHiedby 1 fce^cl^n^a^^^pc^itionoffde range 

ratio) 0.2- 1.0 In the material which has the titamc-acid lead zirco P Y 0(TiX Zrl-X) 3 (X in a formula expresses a 

Screams with the material spared by tire chemfel li !. ii^ge ori 85-1 .0). 

composition ratio, the range of 0.2- 1 .0 and Y express a composit > ectrical s jgnal (charges QV and Qh) from the pressure 

[00191 Furthermore, on the semicondunor substrM 1, ■> .ord« to MOS ^ an , isto ® represented by MOS transistor 9 

detecting elements 1A and IB, the amplifying circuit which co drain fldd and u show the gate electrode. Moreover, 

is formed. Setting to drawing , P well, 10 is a field ^ £j of an amplifying circuit and an output signal is also formed in 
the data-processing circuit (not shown) whic p , P add ; t ; on before the MOS transistor which constitutes these amplifying 

the semiconductor substrate 1 by silicon process techn gy- ’ detect j n „ element, after it forms it beforehand and it forms 

polarization processing etc., and may control a 0 yt foefgestah of this operation. In drawing ! , 21 and 22 are horizontal 
[0020] Drawing! is a rough electrical-equivalent circuit ■ abo g ^ ^ pressure detecting elements IB and 1A of drawing! 

pressure detecting elements, 23 is a vertical pressure detect g elements 21 22 and 23 is inputted into the data-processing 

correspond, respjrively. Urn onrpu, signal <»m aJd^Saft oriemtil by tiJamplifying circni. 24 which is 

Z MOS ^7wt“ »“E^nally, and was constituted fen, an MOS transistor, is changed into tacle tnformatton 

1 is explained. To the semiconductor substrate , t is 1 s ^ . . s[Q2 at 2000A thickness by the spatter. On an 

as an insulator layer 2. 2000A (200 run) membrane S a substrate carries out prebaking 

insulator layer 2, platinum is formed and the low section _ iez0 electric-crystal film 4 is formed with a sol-gel method on the 

processing for 700 **30 minutes in oxygen atmosphere. Next the p diss0 ^ es lead acetate , and titanium isopropoxide and 

aforementioned low section conductor film 3. P iez °- e l^mc-cfyst^ composition, and adjusts a ZORUGERU precursor 

zirconium isopropoxide in a ?f»elh<»fy^olk^^nJ^t gt PZT of the specified quantity, in addition a solution 

solution. Target film composition is Pb( . _ ) ' . recursor solution, and the solution after hydrolysis is formed for 

is performed for water and an acetic acid in the af ^ R “ programming-rate 125 ** / second, 650 ** 

dryness, 1 80 **, and 5 minutes m the procedure of R TPBE > yg ** P pl P £ addit i 0 n, in order to consider as 5000A 

r 0 ?-^ <a ,«« for . vor ox ys en 700 

**, 30 minutes) is performed, and a piezo-electric^ present circumstances, the depth of 

force detecting elements is formed. mpm u rane formation on ** spin coat, and it dries on 

[0023] Next, the layer insulation film 8 «s fonned SO is apph d t ^ becQmes desired thickness, after baking 100 ** 5 minutes, 

condition that the following to it. Repeat the process o temperature up of the degree of furnace temperature is 

200 ** 5 minutes, and 280 ** 5 minutes one by a. ^ 600 * *, 30 minutes) is performed, 

carried out by 10-degree-C/, annealing in a ' lt ' ec here 400 ** 30 minutes) is performed, and annealing in an electric 

[0024] processed taffi after membrane fcmwtiwi ^of The lay«- ofAese pressure 

film 8 on six are removed, and each pressure detecting elem data-processing circuit containing MOS transistor 9 except 

the CMol process, end each aforementioned pressure detecting elements , A and 

;„ B oi s 5 ^ ^ »” w ■ i m"» 

shown in the same as that of the form of the 1st operation shown in ^“^Xlms 4a and 4b which constitute 

portion is omitting illustration. The form of this operation corahtates the p h h i ^ ntal pressure wh ich were shown in drawing 
pressure detecting-element IB which detects film. Thus, by constituting, it 

1 , and which detect a vertical pressure unlike the fo ™ oft J e ' st ® p horizontal direction and a perpendicular direction to eliminate the 
becomes possible in the pressure detecting i elements 1A and by creating the piezo-electric- 

cross talk by a piezo-electric-crystal film being continuation. Vurthe , dj J t h pres sure detecting element, 

crystal films da'and 4b usihg a difercnt iMtmh Ho 2nd is explained. Using a p Jype Si 

K2 % ZS£Z ^ «« - » ^ 2 - 2000A (20 ° nm) 
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membrane formation is earned out. Next, it is Si02 at 2000A thickness by the spatter. Or. at. insulator layer 2, .fomted and 

Sw section conductor film 3 is fomted Then, a sub*a.e cames 

is Pb(Zr0.4 ™w*£*g* ^^to.lX2fion 
quantity, in addition a solution is performed for water and an acetic acid in the aforeme P atmosphe re programming- 

iksssmks^^ a- 

circumstances, the depth of processmg by milling s \ thickness of angstrom, and 700 ** and 

EHSH 

200 - 5 minutes, and 280 - 5 minutes one by one w,th a hot M 0 minutes) is performed, 

temperature is carried out by 10 degrees-C/ . , . fi i m o t u p nn conductor film 5 and the layer insulation 

[00291 It is processed in RIE after membrane formation of the layer insulation film 8 , die up conduct™ ^un 3 ana i e y ^ 

SSHf SSSSHS2SS2S: 

KS «To3 S t5 “= d s Sind' Fto ^mpSSon' PbS St 0 .O(Ti 0 . 5 5 Zri ). 45 y 
sfabout 2 -ethyl hexanoic-acid strontium to the aforementioned MOD solution. A solufion is created .Zsphere 

dryness, 100 —, 3 30 secOTdr^t^—TsZitnm the spin'coat^m'soZond^and 0 — hotplate. 

raSrfn'“e .0 JESS* thickness, «,« process of - - " is rented 5 times. Next a^eatmg in an elechic furnace 

i 

S' SK£S1^Sm->i ib ^ “ h * f 

electric-ciys'tal material dissolves lead acetates Zi^^i^uG^R^^IZmM^utlon.'^^tfilinliomposhhtnlsloKZiO.d Ti0.6) 
corresponding to target PZT composition, and adjusts a P , • ner f orme d for water and an acetic acid in 

03. It carries out. Subsequently, hydrolysis of the specified the procedure 

the aforementioned precursor solution, and the solution after h yf °^ d 65Q ** ^7* dn ’- mg 30 seconds with **1500rpm, the 

of **RTP BEKU, oxygen atmosphere, programming-rate 125 / second 65 , i ocess 0 f**.** is repeated 5 

spin coat for 30 seconds, and ** hot P 1 ®*®- ^forTlfo/oxygen atmosphere 700 **, 30 minutes) is performed, and piezo- 

S=p r mi,^ 

pressure detecting element is formed, and a tactile sens ° r “ i^rl Hmwine 4 . The gestalt of this operation is the tactile sensor 
equipje^* S lBmd 1 C which detect pressure detecting-element 1 A which detects a vertical 
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_ ^ .. in an A ip nf a ****** sake are a horizontal pressure mutually 

pressure, and a horizontal pressure. The pressure That is, pressure detecting-element 1 B 

180 It is arranged so that the pressure from a direction different a de ^ , JL ^detecting-element 1C detects the pressure from the 
carries out pressure detection to the right from the le ^ a ^ f a jf’ ess J re detec ting element, it is the same as that of the tactile 
right to the left on a drawing. About the detection p p ; d drawing 1 In addition, after the output from each pressure 
ESSEX ^e?h P y rc n h^' it is outputted hy the computing element as 

jssstssra: ssssssf p, “ 

and cross section of (A) of drawing! , and (B), this ™ odl [‘ cat '° f 3rd ope ration shown in drawing 4 , and the horizontal 
perpendicular direction pressure detecting-elemen „ discontinuous film and enables this to eliminate the cross 

pressure detecting elements IB and 1C It ts what was ctms. itumd from at ‘“l h orkontal pressure detecting elements 

“ re change' a piezoelectric const... acceding to each pressure detecting element by creating 

using material which is different also incase as ^^“^^ss seSion^hich met the plan of (A) of drawing 6 and its X-X’ 

and (C). It is the £SS££ c 4 g a 

for detecting a vertical pressure with the form of this operation * are a horizontal pressure mutually 180 It is arranged 
horizontal pressure. The pressure detecting elements IB and 1C of a srnce me . 1 ;, ements , D and IE of a ****** 

so that the pressure from a direction dlf ^J® nt a ‘'™£ y ^ at pressure from a direction different a degree may be detected And 

sake are a horizontal pressure mutually 1 80 It is 8 horizontal-pressure-force detecting elements 1 D and 1 E 

raSn^S^ ^ * ** — — ■ - Y " 

SZtaSSified by die amplifying tcireuit, i, is 

and a size. Drawing! is drawing showing the rough eg^l cucmto die ciSu?32 tough an 

possible tactile se„L of heating. he three-dimcnsions infonnaiion ou,u»ed as 

matrix by making into a base unit five pressure detecting e emen s t ; on ^ tbe tactile sensor array 41 consists of forms of 

were shown in drawing 6 , and which were shown in the ? 3 and the Y decoder 44 which are 

this operation. And each base unit of the tactile sensor array is y . . processed by an amplifying circuit and 

controlled by the address controller 42 formed on the stored at any time in a 

the data-processing circuit 45, and is outputted as ....... information on the direction of a pressure. Thus, by 

memory circuit 46 as pressure-distribution information information of far-reaching three dimensions is realizable, 

constituting, the tactile sensor which makes it po ^ s ! ble ® draw ing 9 The form of this operation is Si02 on the semiconductor 
[0038] Next the form of the 6th operation is explained ba iator layer 2 is formed and the pressure detecting element 5 1 

substrate l like the form of the 1st operation s own in ‘ k • . conductor film 3 the piezo-electric-crystal film 4, and the 

which turns into the upper part from the multilayer smicture o detecting element 51 The semiconductor substrate 1 of a 

up conductor film 5 is constituted. Subsequently, Si02 except the pre <. ettl j conductor substrate 1 in which the insulator layer 2 

portion and Si02 in which the polyimide film 52 is orme ^ ® p “? rem0 ves an insulator layer 2 and the pressure detecting element 
was formed, and the pressure detecting element 51 is formed ^'"8^ fllm 5 J with flexibility. In 

51 formed by thin film multilayer structure constitutes the tactile se^ pp rt d by p J expresses a composition ratio). 0.2- 

addition, the above-mentioned piezo-electric-crysta.1 film 4 i.s of the rang e Or it 

1.0 In the material which has the titanic-acid lead zirco P P Y o(TiX Zrl-X) 3 (X in a formula expresses a 

c „ e . _ , s 

i.t ^ ^ “ b “° me5 

possible to make it mount in accordance with the 1 c0 J ldgarat '° a p f f th lst oper ation, as shown in drawing 10, at the same time 

[0040] Next, the form of the 7th operation is explained. , L ke ubstrate a Jd forms the pressure detecting element which turns 

the form of this operation forms an msulator layer on a semico niezo-electric-crystal film, and an up conductor film 

into the upper part from the multilayer structure of a bottom con u , P senS0 r^4 constituted so that the semiconductor 

Si02 formed on the semiconductor substrate On an ‘"sulator Tayer 2 ^ above . me ntioned piezo-electric- 

film 63 might be put by the lower electrode an e up rnmnos jti 0 n ratio) 0 2-1 0 In the material which has the titanic-acid lead 
crystal film is PbITiX Zrl-X) 03 (X in a fomtn a expresses a “S'” “ureates wS, the material specified by the chemical 
xireonate comp^fion specified ^. ch ““ a l^“l° expresses a g c„m P osition retio, the range of OZ-LO tmd Y express a 
composition of PbY Sr l-YO( 1 iX /ri A)i (. mionnitiictor f,i m which constitutes the above-mentioned 

composition ratio, and it is the range of 0.85-1.0). Moreoverasasem^^^^ imposition of BbY Sr l-YO(TiX Zrl-X) 3 (X in a 

temperature sensor, it creates using the S| f ."“^e^ess a composite ratio, and it is the range of 0,85-1 .0), 

formula expresses a composition ra,1 °; * e wh en the pressure detecting signal is detected in the data- 

[00411 Thus, ” .*•; i“TeSri® ferfSe when no. ditected, derivation of the change of die output of a temperature 

ES2ESE? 'ZtZ£ij± ^ = — - is can be g,ven 
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[0042] Next, the example of the manufacture method of the temperature sensor section of the form of this operation is explained. 
Using a p type Si substrate as a semiconductor substrate 1, this temperature sensor oxidizes this substrate 1 top thermally, and is Si02. 
2000A of insulator layers 2 is formed. Next, it is Si02 at 2000A thickness by the spatter. On an insulator layer 2, platinum is formed 
and the lower electrode 61 is formed. Then, a substrate performs prebaking processing for 700 **30 minutes in oxygen atmosphere. 
Next, the semiconductor film 63 is formed by the MOD method on the aforementioned lower electrode 61. As a semiconductor 
material, a barium acetate and titanium isopropoxide are dissolved in a 2-methoxyethanol corresponding to target composition, 2-ethyl 
hexanoic acid and the MOD solution made to react are adjusted, and it is specified quantity, in addition target film composition Ba0.8 
Sr0.2 Ti03 about 2-ethyl hexanoic acid to this MOD solution. A solution is created. This solution is formed with **2500rpm, the spin 
coat for 30 seconds, and ** hot plate, and the semiconductor film 53 is formed for dryness, 100 **, 3 minutes, 150 **, 3 minutes, and 
250 ** and 3 minutes in the procedure of **RTP BEKU, oxygen atmosphere, programming-rate 125 ** / second, 800 **, and ** 
during 30 seconds. In addition, in order to consider as 3000A thickness, the process of ** - ** is repeated 3 times. Next, annealing in 
an electric furnace (a part for 21/of oxygen atmosphere, 700 **, 30 minutes) is performed, and the semiconductor film 63 is formed. 
Next, a 2000A crevice is formed in the semiconductor film 53 by ion milling. Next, by the spatter, the platinum for up electrodes is 
formed on the semiconductor film 63 by 2000A thickness, and prebaking processing for 700 **30 minutes is performed in oxygen 
atmosphere. Subsequently, the up electrode 62 is formed by ion milling. Thus, the manufactured temperature sensor shows the 
temperature characteristic as shown in drawing 1 1 . 

[0043] 

[Effect of the Invention] As explained based on the gestalt of operation above, according to invention according to claim 1, detection 
of a perpendicular direction and a horizontal pressure can be performed, and a small tactile sensor with signal processing can be 
realized. According to invention according to claim 2, the tactile sensor which the mutual interference of a perpendicular direction 
pressure detecting element and a horizontal pressure detecting element does not produce is realizable. According to invention 
according to claim 3, the tactile sensor equipped with the perpendicular direction pressure detecting element from which a mutual 
interference does not arise and a piezoelectric constant differs, and the horizontal pressure detecting element is realizable. According 
to invention according to claim 4, it becomes possible to detect tactile information, such as pressure distribution and a frictional force 
distribution, easily. According to invention according to claim 5, the tactile sensor which can mount a curved surface etc. is obtained 
with flexibility. According to invention according to claim 6, the tactile sensor which can detect a surrounding temperature change is 
realizable. According to invention a claim 7 and given in eight, the tactile sensor equipped with the pressure detecting element of a 
good property can be offered, and the tactile sensor equipped with the temperature detection sensor of a good property can be offered 
according to invention according to claim 9. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the gestalt of operation of the 1st of the tactile sensor concerning this invention. 

[Drawing 2] It is drawing which was shown in drawing 1 and in which showing the outline equal circuit of the gestalt of the 1st 
operation. 

[Drawing 3] It is the cross section omitting and showing a part of gestalt of operation of the 2nd of this invention. 

[Drawing 4] It is the cross section omitting and showing a part of gestalt of operation of the 3rd of this invention. 

[Drawing 5] It is the plan and cross section of the modification of the gestalt of the 3rd operation which were shown in drawing 4 and 
which omit a part and are shown. 

[Dr awing 6] It is the plan and cross section of the gestalt of operation of the 4th of this invention which omit a part and are shown. 
[Drawin g 7] It is drawing which was shown in dr awing 6 and in which showing the outline equal circuit of the gestalt of the 4th 
operation. 

[Drawings 8] It is the block block diagram showing the gestalt of operation of the 5th of this invention. 

[ Draw ing 9] It is the cross section which the gestalt of operation of the 6th of this invention omits a part, and is shown. 

[Drawing 10] It is the cross section which the gestalt of operation of the 7th of this invention omits a part, and is shown. 

[Drawing 1 1] It is drawing showing the temperature characteristic of the temperature sensor in the gestalt of the 7th operation shown 
in drawing 10. 

[Drawing 12] It is the cross section showing the basic structure of the conventional pressure-sensor pressure-sensitive part. 

[Drawing 13] It is drawing showing the single power supply self-excitation circuit used in order to detect the hardness of an object 
using the pressure sensor shown in drawing 12. 

[Drawing 14] It is the circuitry view showing the pressure detector using the general piezo-electric ceramic. 

[Description of Notations] 

1 Semiconductor Substrate 

2 Insulator Layer 

3 Pars-Basilaris-Ossis-Occipitalis Conductor Film 

4 Piezo-Electric-Crystal Film 
5, 6, 7 Up conductor film 

8 Layer Insulation Film 

9 MOS Transistor 

10 P Type - Well - Field 

1 1 N+ Type Source Drain Field 

12 Gate Electrode 

1 A Perpendicular direction pressure detecting element 
IB, 1C, ID, IE Horizontal pressure detecting element 
21, 22, 23 Pressure detecting element 

24 Amplifying Circuit 

25 Data-Processing Circuit 

3 1 Amplifying Circuit 

32 Data-Processing Circuit 

41 Tactile Sensor Array 

42 Address Controller 

43 X Decoder 

44 Y Decoder 

45 Amplification and Data-Processing Circuit 

46 Memory Circuit 

5 1 Pressure Detecting Element 

52 Polyimide Film 

61 Lower Electrode 

62 Up Electrode 

63 Semiconductor Film 

64 Temperature Sensor 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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